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Abstract  
Experiments play a decisive role in science and technical education on all levels. Active participation of students with special 
needs for skills improvement in higher technical education was rare until recently. One of the reasons was their inability to 
complete experimental measurements in university laboratories. Existing remote experiments on the Internet remove barriers 
facing disabled students and provide a novel option - to conduct laboratory tasks anytime and anywhere, even multiple times. The 
aim of this paper is to demonstrate the methodology of implementing e-experiments and virtual simulation dealing with the given 
topic by means of a prepared project assignment. As the topic of utilizing Internet accessible experiments has not yet been 
examined from the psychological point of view, we would like to address specialists and to initiate a discussion.  
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
An experiment is an integral part of natural science and technology education at all school levels. In university 
education, experiments are carried out mainly as part of laboratory exercises in natural science laboratories. 
According to Ma and Nickerson (2006), real laboratories are characterised by two basic features:  
1. The equipment necessary for running the experiment is situated in the laboratory. 
2. The students who carry out the experiment must be physically present in the laboratory.  
The second feature can sometimes exclude physically challenged pupils and students from lessons and does not 
allow distance teaching of technical and natural science subjects. In addition, laboratories require a special room, 
their equipment is costly and time consuming (Farrington et al., 1994) and, moreover, specialised laboratories must 
be provided with materials and equipment, and are becoming more regulated. This trend is linked to increased   
computer usage, such as data analysis and experiment management. In computer controlled experiments, the quality 
of interaction with the pupil does not depend heavily on whether the pupil is or is not present in the laboratory (Ma, 
Nickerson, 2006). 
2. Natural Science Experiments on the Internet 
The rapid development of personal computers and information and communication technologies (ICT) in recent 
years has created favourable conditions for the creation of computer-supported laboratories. The    first   computers  
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in laboratories were used exclusively for data collection and subsequent simple processing of the data.  
Information and communication technologies (ICT) provide basic means to make the aims of the Vygotskian 
classroom achievable. The teacher's task is to guide students whilst they are experimenting, moderate discussions 
about given problems and solutions, be a source of information and eliminate potential risks associated with 
constructivist teaching, such as diversion from teaching objectives, incorrect interpretation of acquired knowledge, 
excessive subjectivity, inaccuracy, use of unprofessional terminology and so on (Lovászová, Turčányi, 2004). 
Martinéz – Jimenéz and Climent – Bellido (2003) speak about the transition from behavioural theory based 
teaching to constructivist theory based teaching and the importance of using computers in this type of teaching. 
Computers can be useful in designing experiments and solving problems, which is of value in natural science 
subjects and technological subjects. In the constructivist approach, these activities are designed as a process  
of exploration. Computers are also useful in analysing students' previously acquired knowledge. Moreover, 
computers help students to design their own hypotheses with regard to the problem, choose between multiple 
options, analyse results and draw conclusions. A computer can help students become active participants in the 
learning process. A further penetration of ICT into the development of real laboratories was dependent on the 
introduction and good knowledge of the Internet and its corresponding maintenance.  
The Internet enables the construction of laboratories of the client-server scheme. The first real remote experiment 
based on the ISES WEB Control, created in 2001, is on www.ises.info. The real remote experiment and its 
placement on the web is designed so that it is possible to transmit images, the arrangement and functions of the 
experiment and data to the client. Remote laboratories are characterised by a mediated reality. E-experiments via the 
Internet are interactive, they take place in real time with the possibility of acquiring data which provides the 
opportunity to make technical and natural science subjects more attractive (Schauer et al., 2008). Similarly to the 
real laboratory, the real remote laboratory needs equipment and space. (However, the space can be smaller, as the 
presence and operation of students not required.) It is the distance between the experiment and experimenter that 
makes a real remote laboratory different from a real laboratory. In real remote laboratories, experimenters obtain 
data from remote devices. In other words, the reality of a remote laboratory is transmitted to a distant space (Ma, 
Nickerson, 2006). Then it is possible to work with the measured data in the same way as if the student obtained it  
in a classic laboratory. All this is possible thanks to the use of the ISES school hardware kit with powerful software 
(Internet School Experimental System - http://www.ises.info), which is an important instrument, enabling 
conduction of real experiments, monitoring of their progress and results, processing and management via computer 
(Válková, Schauer, 2007). In Slovakia, the Ministry of Education grant KEGA No. 3/4128/06 initiated the project 
„E-Laboratry of Interactive Experiments as a Continuation of the Project of Multimedia Teaching of Physics  
at Slovak Universities“, which initiated the establishment of the first Slovak e-laboratory of real remote interactive 
natural science experiments based at the Department of Physics, Faculty of Education, University of Trnava (DF FE 
UT) http://kf.truni.sk/remotelab (Ožvoldová et al., 2010).  
In connection with the development of ICT and students with special needs' experimenting we cannot ignore the 
possibility of conducting laboratory exercises, i.e. virtual laboratories on the Internet. All the listed possibilities of 
conducting experiments in teaching natural science and technical subjects can be appropriately incorporated into 
project assignments for laboratory exercises in Physics, where appropriate.   
The following section shows a practical example of a project assignment created by us, the use of a freely 
accessible e-experiment from the DF FE UT e-laboratory in Trnava, and one also freely accessible virtual 
experiment, related to the topic. In this way we also present the methodology of working with remote experiments  
in the bachelor Physics course for future Physics teachers. The remote experiment “Mathematical pendulum” 
(http://remotelab5.truni.sk) is available in an English and Slovak version. 
3. Project Assignment 
Project Topic: Pendulum 
Motivation: Would you like to experiment with a pendulum (Fig. 1)? Click on http://www.walter-
fendt.de/ph14e/pendulum.htm. 
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Figure 1. Simple pendulum - applet  
(Fendt, W. http://www.walter-fendt.de/ph14e/pendulum.htm) 
 
Project Objectives: 
     The aim of the project is defined in the context of the syllabus objectives for the subject Mechanics in the first 
year of the Bachelor cycle in Teaching of General Subjects as follows:  
• Obtain information and assess its accuracy. 
• Discuss, cooperate and propose solutions.  
• Use the Internet and specialist literature to find information. 
• Cooperate and be responsible for the assigned part of the tasks.  
• Process information in the chosen format.  
• Present the information without the loss of content.  
• Link the acquired conceptual knowledge with the world around us.  
• Distinguish between dependent and independent variables.  
• Determine the gravitational acceleration g in Trnava based on processing the data acquired from the remote 
experiment “Mathematical pendulum” (authors of the experiment: Schauer, F., Majerčík, P., 2009) at the  
e-Laboratory of Physics, available on: http://remotelab5.truni.sk. 
• Develop Slovak and English language skills. 
Time Allowance: 1 week 
Sources: Web pages dedicated to the topic, Halliday, D., Resnick, R., Walker, J. Physics, (2000) Part 1 – Mechanics 
VUT in Brno – VUTIUM, Brno 2000, ISBN 80-214-1868-0, encyclopaedias and other specialised literature.  
Organisation: Individual project – independent work, i.e. one student will be the recorder, organiser and presenter.  
Location of the project: Physics classrooms at the Department of Physics of FE UT, students' households. 
Cross-curricular relationships: Physics, Informatics, Mathematics, Slovak Language, English Language. 
Project work procedure: 
1. Familiarisation with the topic of the project. 
2. Familiarisation with the objectives and tasks of the project. 
3. Choosing the format of the presentation (poster, transparencies, PowerPoint presentation, Word document etc.). 
4. Publication of the assessment method. 
5. Researching information. 
6. Elaboration of the project. 
7. Presentation of students' projects. 
8. Discussion with other students about the presented individual projects. 
9. Evaluation of individual students' activities throughout the whole project. 
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Physical Principle 
     The real remote experiment “Mathematical Pendulum” can be appropriately integrated into teaching with 
students determining the gravitational acceleration g in Trnava. For determining the gravitational acceleration we 
use the known equation for the oscillatory period – the T period of the mathematical pendulum with the pendulum 
arm length r: 
 
                                                                                                                                                                                 (1)             
                                                                                                                     
 
After adjusting for the gravitational acceleration g in the given geographical location we obtain the equation:  
 
                                                                                                   (2) 
 
Tasks: 
1. Click on: http://remotelab5.truni.sk (Fig. 2). 
2. Set the initial deflection of the pendulum from the equilibrium position in the interval (0-20) cm and launch the 
experiment by pressing the “Start” button. Subsequently you can see the device which will set the initial deflection 
of the pendulum via a camera. A graph shows the instantaneous angle of deflection φ(t) – blue (s, rad.) (first, the 
transitional phenomenon of oscillations can be seen, then the pendulum reaches the oscillation equilibrium) and the 
time between the swings of the pendulum (sequence number of the swing) (red). 
3. After pressing the "Stop" button, the corresponding part of the graph is recorded into the second graph with the 
same units.  
4. Using the “Data Output – Excel” or “Data Output – CSC” buttons, you can export all the data – t, φ and the 
sequence number of the swing – onto your computer, if the internet browser allows it. The data is displayed in a new 
“pop-up” window.  
5. In order to determine the gravitational acceleration in Trnava, perform 7 measurements with different measuring 
periods. Using the equation (2) for each measurement calculate the gravitational acceleration and subsequently the 
absolute deviation of the measurement. 
6. Write the measured and calculated values in table. (The pendulum arm length is 2.07 m.) 
7. Write the calculated value of the gravitational acceleration in the form: g = ±g σg.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Mathematical pendulum -  real remote experiment (http://remotelab5.truni.sk) 
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8. Compare the gravitational acceleration g in Trnava, which you determined from the experiment, with the 
tabulated value (visit: http://www.ptb.de/cartoweb3/SISproject.php). Discuss what could be the reason for the 
observed deviation.  
9. Analyse and discuss the obtained results and work through the project.  
Project assessment: Point system in the range 1 – 20 points, where the student gets: Max. 10 points for the quality  
of the topic explanation according to the criteria: independent speech about the topic (2 p), capturing the topic (2 p), 
comprehensibility on students (2 p), arousing interest (2 p), fulfilling the objectives and tasks of the assignment (2 
p).  
Max. 10 points for the format of the presentation and visual material for the topic: poster – one's own drawings, 
concise data, physical relations, units, symbols of physical quantities and units, diagrams, pictures from magazines, 
computer PowerPoint presentations, Word document etc. 
 
4. Conclusion 
      Remote experiments make distance education possible where experiments play an integral role in teaching. 
Moreover, they remove barriers from students with special needs and provide the opportunity to experiment at any 
time, from any place and multiple times. This is a great advantage for students as traditional experiments in real 
laboratories are often only conducted once and do not usually provide an opportunity to repeat experiments,  
if students have not understood something or if something needs to be measured once again. Multiple conduction  
of the experiment in an e-laboratory enables students to focus not only on the technology, but also on the principles 
of the experiments and evidently on the theoretical basis. With an appropriate use of ICT in teaching natural science 
and technical subjects, in connection with project based teaching, teachers can arouse students' interest in the 
subject, and thus encourage them look to forward to and prepare for the lessons. Presently, the results of pedagogical 
research, in which we observed the influence of using real remote and virtual experiments on students'  learning 
performance, are still being processed. However, the first personal feedback of teachers at the Department  
of Physics, Faculty of Education, Trnava University imply that students' interest in understanding the links between 
technology and the real world around us, is slowly becoming an integral part of their everyday lives. As the topic  
of using experiments on the Internet has not yet been examined from a psychological perspective, we would hereby 
like to invite specialists to do so.   
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